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Abstract 

Background: Quality of life (QoL), being the sum expression of diverse influencing factors, is not easy to determine. A 
clinically relevant option would be to identify and measure quality of life on the basis of physiological parameters which 
correlate plausibly and statistically with psychometrically measured QoL. Analysis of heart rate variability (HRV) offers readily 
measurable physiological parameters which could be of use here. A correlation of HRV with both course of disease and QoL 
has been reported in patients with chronic illness. Various psychometric instruments have been developed for use in 
paediatric oncology. The aim of this study was to obtain data on HRV and QoL and their correlations, initially in healthy 
children. 

Methods: Uohet ECG and quality of life were examined in 160 children and adolescents (72 male) aged between 8 and 18 
years. QoL was determined with the established questionnaire PEDQoL. Standard parameters of HRV from the frequency 
domain were calculated and correlated with QoL domains using Spearman (nonparametric) correlation analysis. 

Results: Minor but significant associations were revealed only with regard to the PEDQoL domain "autonomy" on the one 
hand and heart rate and HRV (e.g. MRR, MRRn, MRRd, HRV_ULF, SDNN) parameters which evidently reflect distinct 
physiological functions on the other. 

Conclusions: \n healthy children and adolescents we have a first indication that there is a correlation between parameters of 
HRV and QoL. However, to a greater extent, HRV reflects associated physiological processes of the autonomic nervous 
system. A higher correlation is more likely to be found in chronically ill children. 
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Introduction 

Qiiality of life (QpL) in children and adolescents is the sum 
expression of diverse physical, emotional and mental processes and 
their integrative processing and experiencing by the individual. 
Endogenous and exogenous physiological or pathological process- 
es influence its perception [1]. Many illnesses are associated with 
reduced QpL [2-4]. Although there are now numerous instru- 
ments available for quality of life measurement in paediatric 
medicine, often the interpretation of individual results is not easy 
because of the non-linear relation between a subjective rating and 
an assessment by others in situations of health state changes [5-8] . 
Corresponding individual observations are sometimes referred to 
as ^^paradox of satisfaction /dilemma of dissatisfaction" [9] or "response shift 
phenomenon" in case of repeated measurements. Response shift 
"refers to the changes in internal standards, in values, or in the 
conceptualization of QOL which are catalyzed by health state" 
[10,11]. 



A further problem is that measurement of QoL is more difficult 
the younger the children are. Therefore the investigation of more 
"objective" measures in order to complete measurement and to 
increase interpretability, e.g. in a clinical context, is becoming 
increasingly important particularly in children with chronic 
disease, in paediatric oncology for example [12,13]. 

One promising way to come to a better understanding of 
individual QoL ratings (e.g. in the course of a medical treatment) is 
to identify complementary parameters reflecting a physiological 
process which could plausibly constitute a kind of salutogenic 
marker of QoL, i.e. which have a relevant influence on health- 
related quality of life. From the physiological perspective, 
functional processes related to the heart would appear to be a 
good starting point. Here we would be looking particularly at 
parameters of heart rate variability (HRV) analysis which can 
reflect states such as stress, tension, relaxation, sleep and physical 
activity [14,15]. 
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Table 1. From a group of 469 children (409 children with ECGs) both ECGs and evaluable questionnaires on quality of life were 
available for n = 160 (>8 years). 






Mean SD 


Median 


MIn/Max 


Age 


12.06 3.36 


11 


8/18 


BMI (n = 137) 


20.34 4.05 


19.65 


14.2/34.94 


Sex 


72 male (45%) 88 female (55%) 






PC [hours] 


1.11 0.943 


1 


0/3 


Cell phone [hours] 


0.92 0.832 


1 


0/3 



The table shows the distribution parameters of age, sex, BMI and use of PC/cell phone. 
doi:l 0.1 371 /journal.pone.0091 036.t001 



Standard parameters of HRV bear a physiologically possible 
and plausible connection with physical exercise, activity, tension, 
relaxation and physical fitness/activity. Many parameters in the 
time domain (mean normal-to-normal interval - mNN, standard 
deviation of normal-to-normal intervals - SDNN) and in the 
frequency domain (ultra low frequency oscillations - ULF, very 
low frequency oscillations - VLF, low frequency oscillations - LF, 
high frequency oscillations - HF) contain information that can be 
related to the functioning of the autonomic nervous system (ANS) 
[16]. HF and SDNN are related to parasympathetic modulations 
whereas LF is related to both, sympathetic and parasympathetic 
modulations. Hence, the parameter LF/HF can be cautiously 
interpreted as 'sympathovagal balance'. However, the physiolog- 
ical interpretation of VLF and ULF stiU needs to be clarified. As 
shown recently, the parameters in the time and frequency domain 
show a clear development in the course of childhood, puberty and 
into young adulthood. This development depends on age, gender 
and day/ night rhythm [17]. The variations with age show that this 
physiological development is not linear (parameters only increase 
or decrease, respectively) but some HRV parameters reflecting 
non-linear properties show a local maximum at the age of 9 years. 
Hence, they are associated with certain milestones of physical 
development during childhood and adolescence. For example, 
notable changes occur during prepuberty and puberty, possibly 
reflecting hormonal changes [18—21]. 

Interestingly, when we speak of feeling depressed or in good 
spirits we often use expressions such as "heavy-hearted" or "light- 
hearted". From the physiological point of view there is an element 
of truth in these expressions as patients suffering from depression, 
for example, display a significant and measurable reduction in 
HRV which is reversible in the case of successful treatment [22- 
24]. Numerous studies have shown that cardiac rhythm - 
specifically HRV, for example - is modulated by a large number 
of different emotional [25,26], neuronal [27-29] and humoral 
factors [30-32]. In the clinical sector there are numerous data 
showing a correlation between HRV parameters and the course of 
various diseases in adults, occasionally also in combination with 
data on QpL [22,33-39]. 

It appears to be the case that HRV can show very subtle 
functional changes which indicate a current health impairment or 
beginning pathology which is not yet directly visible clinically. 

For diseases such as heart attack [40] or depression [41] a 
deterioration of HRV parameters has been described which can 
stabilise or improve again if the disease shows a favourable course 
[40]. In parallel, the course of disease may also correlate with 
measured quality of life. 

Both quality of life and HRV are influenced by physical activity 
[14]. Restorative sleep, physical activity and stress can influence 
HRV parameters and quality of life [42-47]. As further 
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Figure 1. Examples of variations of HRV parameters with age. 

Age-related variations of the average RR interval (top) and the standard 
deviation of the distance between normal-to-normal heartbeats 
(bottom). The lines denote a polynomial fit of order 2 (dashed line) 
and the moving average (full line). 
doi:1 0.1 371/journal.pone.0091 036.g001 

development of the instruments for measurement of quality of 
life or the development of complementary methods is of great 
interest, it appears appropriate to examine whether certain 
domains of QpL which are believed to be particularly influenced 
by physical activity, correlate with apparently corresponding 
sensitive parameters of HRV. These are, in particular, the 
physiologically plausible parameters of the frequency spectrum 
and movement dependent parameters. In order to advance the 
understanding of individual QpL rating and with a view to studies 
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Table 2. HRV parameters (mean ± sd) of the whole group calculated for the entire recording (24 h), daytime and nighttime. 





24 h 


Day 


Night 


Mean RR [ms] 


708 ±75 


617±69 


891 ±122 


SDNN [ms] 


164±41 


99±27 


116±35 


ULF [In ms2] 


9,8 ±0.5 






VLF [In ms2] 


7.9±0.5 


7.6 ±0.5 


8.2±0.6 


LF [In m52] 


7.4 ±0.5 


7.1 ±0.5 


7.6±C.6 


HF [In ms2] 


7.2±0.8 


6.4 ±0.8 


7.7±0.9 


Slope beta 


-1.09±0.14 






Alpha 2 


0.99 ±0.05 


1.01 ±0.06 


0.93 ±0.07 


Alpha 1 


1.14±0.16 


1.27±0.17 


0.92±0.18 


ApEn 


0.82 ±0.24 


0.66 ±0.24 


1.14+0.34 



Note that the parameter 'slope beta' can only be calculated for the entire recording. 
doi:l 0.1 371/journal.pone.C091 036.t002 



in chronically iU children, the purpose of the present study was to 
examine our assumption that elements of a QpL instrument 
frequently used in paediatric oncology correlate substantially with 
parameters of HRV. 

We analyzed the association between QpL parameters and 
physiological parameters of HRV in a sample of 1 60 children out 
of a total sample of 469 healthy children and adolescents [17]. As 
further lifestyle markers we also analyzed the time spent in front of 
a television or computer and the body mass index (BMI) as these 
are parameters of physical activity and thus also of physiological 
fitness. 



eters. On the other hand, allergies (N = 3), atopic eczema (N= 1) 
and noctunuresis (N= 1) do not alter cardiovascular parameters. 
We also noted that 5 subjects were taking medication for an 
attention-deficit hyperactivity disorder and 4 subjects were taking 
naturopathic medication. It has not yet been investigated whether 
these medications have a systematic impact on cardiovascular 
functions. 

Written informed consent was obtained from the guardians and 
also the subjects, if applicable, in accordance with the Declaration 
of Helsinki. The study protocol had been approved by the local 
ethics committee of Charite-Universitatsmedizin Berlin. 



Methods 

Subjects 

A total of 469 children and adolescents were initially enrolled in 
this cross-sectional study (see Table 1). Of these, 160 subjects (age 
range 8 to 18 years, 88 females, 72 males) had an EGG recording 
suitable for further analysis and completed the quality of life 
questionnaires. Note that the questionnaires were only designed 
for children aged 8 years and above and, hence, only children in 
this age group were included in the analysis. None of the subjects 
had any history of cardiovascular disease or diabetes. The children 
were born and educated in Germany and spoke fluent German. 
To obtain an average school sample we did not exclude subjects 
with chronic diseases. We are aware that diseases such as 
bronchial asthma (N = 2), chronic obstructive pulmonary disease 
(N= 1) or migraine (N= 1) may influence cardiovascular param- 

Table 3. Distribution parameters of QoL domains. 



ECG Recordings 

The 24 h-Holter ECGs were recorded under everyday condi- 
tions. The digital Holter device (Medikorder MK3, Schiller 
Engineering, Graz, Austria) had an internal sampling rate of 
4096 Hz and the R-peaks were automatically detected by the 
device with a precision of < 1 ms. The ECGs (at a sampling rate of 
256 Hz) as well as the automatically identified times of the R- 
peaks were stored on a personal computer. In the case of artefacts 
and premature beats the timings of the respective R-peaks were 
changed according to the saved ECGs (<1.5% of all recorded R- 
peaks). Ventricular ectopic beats were omitted from the analysis 
because they did not originate in the sinus node (<0. 1 % of all 
beats). The RR-interval series was created by calculating the 
temporal difference between successive R-peaks. This series was 
the basis for further calculations. 







Median 


Min/Max 


K 


37,5 


25/87,5 


EV 


40 


25/80 


C 


45 


25/90 


AUT 


45,83 


25/79,2 


Fr 


40 


25/100 


Earn 


37,5 


25/100 


KB 


45 


25/95 



Physical function (K), emotional functioning (E), cognition (C), autonomy (Aut), social functioning family (Earn), social functioning friends {Fr} and body image (KB). 
doi:l 0.1 371/journa!.pone.0091 036.t003 
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Table 4. Correlations between HRV parameters and the PEDQOL domain "autonomy" taking into account the whole group of 
children and adolescents. 





AUT 




Q 279** 


MRRn 


-0,281** 


MRRd 


-0,248** 


SDNNd 


-0,158* 


SDNN24 


-0,192** 


HLF24 


-0,141* 


VLFd 


-0,144* 


ULF24 


-0,242** 


LFd 


-0,143* 


Alpha 1_24 


-0,229** 


Alphald 


-0,221** 



**<0.01 one-tailed; *<0.05 one-tailed, 
doirl 0.1 371 /journal.pone.0091 036.t004 



Heart Rate Variability 

The variability of tlie RR-interval series contains valuable 
information wliicli may partly be interpreted in terms of the 
modulations of the two branches of the ANS. In the time domain 
the mean of normal-to-normal R-R intervals (mRR) and the 
corresponding standard deviation (SDNN) were calculated. In the 
frequency domain the extent of very low frequency oscillations 
(VLF: 0.0033 to 0.04 Hz), low frequency oscillations (LF: 0.04 to 
0.15 Hz) and high frequency oscillations (HF: 0.15 to 0.4 Hz) were 
quantified using the fast Fourier transformation [16]. The 
measures were calculated for each consecutive 1-hour epoch of 
the recording. Subsequently they were averaged to obtain 24 h 
averages. Daytime and nighttime values were obtained by 
calculating the average values from midnight to 6 am (nighttime) 
and from 9 am to 6 pm (daytime). This differentiation is useful to 
obtain estimates for the functioning of the ANS during activity 
(daytime values) and recovery (nighttime values) as well as a 24 h 
average. Furthermore, the ultra low frequency oscillations (ULF: 
£0.0033 Hz) and VLF oscillations were quantified using the R-R 
interval series from the entire recording. 



HF and LF may be interpreted in terms of modulations of the 
ANS. HF and SDNN are associated with modulations of the 
parasympathetic branch of the ANS whereas LF is associated with 
modulations of both the sympathetic and parasympathetic 
branches [16,48]. The interpretation of VLF and ULF is still a 
matter of debate as many different influences contribute to the 
power in these frequency ranges [48]. Recentiy, ULF has been 
suggested to reflect variations of physical activity [49] . HF and LF 
can also be used to indicate the level of stress because emotional 
and physical stress decrease parasympathetic control or increase 
sympathetic modulations, or both [50]. Generally, HRV is 
reduced during stress and, hence, the other measures are also 
reduced. 

We also calculated measures to assess non-linear properties of 
HRV. These measures provide information that cannot be derived 
from the linear parameters. In particular, fractal scaling properties 
were quantified using the slope of the spectral density in the range 
0.0001 to 0.01 Hz (large scale properties, comprising up to 10000 
beats), detrended fluctuation analysis (DFA) on medium (AL- 
PHA2, 12 to 1000 beats) and short scales (ALPHAl, 4 to 1 1 beats). 



Table 5. Correlations between HRV parameters and the PEDQOL domains "autonomy (AUT)" and "physical function (K)" for the 
age groups <11 years (N = 82) and >n years (N = 78). 







Age £1 1 years 




Age >1 1 years 






AUT 


K 


AUT 


K 


MRR24 


-0,303** 


n.s. 


n.s. 


n.s. 


MRRn 


-0,257** 


n.s. 


n.s. 


n.s. 


SDNN24 


-0,215* 


n.s. 


n.s. 


n.s. 


ULF24 


-0,231* 


n.s. 


n.s. 


n.s. 


VLF24 


-0,293** 


n.s. 


n.s. 


n.s. 


VLFn 


-0,271** 


n.s. 


n.s. 


n.s. 


Alphaln 


n.s. 


n.s. 


-0,207* 


n.s. 


Alphald 


n.s. 


n.s. 


-0,314** 


-0,203* 


ApEn24 


-0,208* 


n.s. 


n.s. 


n.s. 



**<0.01 one-tailed; *<0.05 one-tailed. 
doi:l 0.1 371 /journal.pone.0091 036.t005 
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Table 6. Correlations between HRV parameters and the PEDQOL domains "autonomy (AUT)" and "physical function (K)" for the 
female {N = 88) and male (N = 72) children and adolescents. 















AUT 


K 


AUT 


K 


MRR24 


_ 298** 


n.s. 


— 339** 


n.s. 


MRRn 


-,249** 


n.s. 


-,379** 


n.s. 


MRRd 


-,328** 


n.s. 


-,258** 




SDNN24 


n.s. 


n.s. 


-,253** 


n.s. 


SDNNd 


-,229** 


n.s. 


n.s. 


n.s. 


ULF24 


-,167* 


n.s. 


-,326** 


n.s. 


VLFn 


n.s. 


n.s. 


-,182* 


n.s. 


VLFd 


n.s. 


n.s. 


-,219* 


n.s. 


LFd 


n.s. 


n.s. 


-,186* 


n.s. 


Alpha! n 


-,186* 


n.s. 


-,195* 


n.s. 


Alphald 


-,177* 


n.s. 


-,359** 


n.s. 


Alpha2_24 


n.s. 


n.s. 


-,293** 


n.s. 


Alpha2n 


n.s. 


n.s. 


-,266** 


n.s. 





**<0.01 one-tailed; *<0.05 one-tailed. 
doi:l 0.1 371/journal.pone.0091 036.t006 



ALPHA 1, ALPHA2 and the slope beta quantify self-similarity on 
short, intermediate amd long time scales. Decreased values of 
ALPHAl and ALPHA2 correspond to worse outcome, e.g. after 
myocardial infarction [51]. Complexity was assessed using 
Approximate Entropy (ApEn) as a measure of regularity of a time 
series [52]. Higher values correspond to higher irregularity. 
Further details have been published by Cysarz et al. [17]. 

In the following, the parameters with the appendix '24' 
represent values calculated for the entire recording, the appendix 
'd' indicates daytime values (9 am to 6 pm) and the appendix 'n' 
indicate nighttime values (0 to 6 am). 

QoL Assessment 

HRQpL was estimated by self-rating with a validated PEDQpL 
questionnaire [53,54] for children and adolescents with cancer 
including the domains physical function (K), emotional function- 
ing (E), cognition (C), autonomy (Aut), social functioning family 
(Fam), social functioning friends (Fr) and body image (KB). 

The questionnaire contains 48 items which are distributed 
among 6 domains: physical functioning and pain (9 items), 
emotional functioning (6 items), cognition (6 items), autonomy (6 
items), social functioning family (6 items), social functioning friends 
(6 items), and body image (9 items), as well as general weU-being. 

Questions about physical functioning ask how the children rate 
their physical abilities, e.g. when compared to friends. In the 
domain emotional functioning the patients were asked about the 
mood they were in, if they felt happy or sad. The domain 



cognition included questions about the children's ability to study, 
to do their homework, also in comparison to their classmates. 
Questions regarding autonomy asked how the children saw their 
ability to decide or do things on their own. The domain social 
functioning family asked about their relation to their family/ 
parents. The items in the domain social functioning friends asked 
the children about their relation to peers. Questions regarding 
body image included how satisfied they were with their 
appearance. 

The PEDQpL questionnaire consists of four-level Likert items. 
The format is "always", "often", "rarely", and "never". 

All children were asked to answer the questionnaire on their 
own. Their parents were not in the same room during this 
procedure. In the case of comprehension problems the children 
were asked to mark the question and additional explanation was 
given by the study coordinator after they had completed the 
questionnaire. Media consumption was measured by a question- 
naire (never; <1 hour/day 1-2 hours/day; >2 hours/day. 

Statistics 

HRV parameters. The results are presented as mean ± 
STD. The spectral parameters had to be log-transformed to yield 
normal distributions. All other measures were normally distrib- 
uted. 

QpL. parameters and correlation analysis. For analysis 
the PEDQpL domains were evaluated separately. The four verbal 
markers of the rating scale were positioned on a hypothetical QpL 



Table 7. Correlations between HRV parameters and the PEDQOL domain 


'autonomy"; PC: Computer/Games. 




AUT 


K 


PC [hours] -0,471** 


-0,213** 


Cell phone [hours] -0,297** 


n.s. 



**<0.01 one-tailed; *<0.05 one-tailed. 
doi:l 0.1 371 /journal.pone.C091 036.t007 
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scale ranging from 0% (worst QpL) to 100% (best possible Q<)L) 
and distinct percentage values were assigned. The respective 
attributions were 25% ("never"), 50"/o ("rarely"), 75% ("often"), 
and 100% ("always"). For each PEDQpL domain the respective 
percentages were added together and the mean percentage score 
was calculated. Finally, the scores of each patient were merged and 
the sample-based median percentage score for each single domain 
was calculated. 

Data were tested for Gaussian distribution using the Shapiro- 
Wilk test for normality. To test correlation between QpL and 
EKG parameters for the various variables, Pearson's and Spear- 
man's correlation coefficients were calculated respectively. A value 
p<0.05 was considered statistically significant. A one-tafled p- 
value was used because the hypothesis was restricted to one 
direction. 

For the sake of clarity only those variables which were 
considered relevant for discussion are presented. Since this 
investigation is of exploratory nature we refrained from carrying 
out any multivariate analyses. 

Results 

Table 1 shows the basic characteristics of the study sample. QpL 
data and Holter EGGs were available for 160 subjects (age ^8 
years, 72 male, 88 female). The average BMI was 20.37 indicating 
normal weight on average (http://apps.who.int/bmi/index.jsp). 
Average times spent using a personal computer (PC) or a cell 
phone were one hour each. 

Heart Rate Variability 

As an example of the age related variations of HRV the time 
domain parameters mNN and SDNN are shown in Figure 1. As 
age-related variations of the parameters are less apparent than in 
the whole group (ages ranging from 2 to 21 years) [17] the results 
are summarized for the whole group. Table 2 lists the averages 
and standard deviations of the HRV parameters. All parameters 
showed differences between daytime and night-time values. 

Correlation of HRV Parameters, QoL, Media Consumption 
and BMI 

The results of the different PEDQpL domains are shown in 
Table 3. In all domains the measured scores correspond to those of 
the reference group for standardisation of the PedQpL. It can 
therefore be assumed that our sample is a representative group of 
healthy children and adolescents. 

Generally, there are only few correlations between HRV 
parameters (e.g. MRR and SDNN) and PEDQpL domains. 
Taking the whole group such correlations can only be found for 
the parameter 'autonomy' (see Table 4). Parameters in the time 
domain (MRR24, MRRn, MRRd, SDNN24) in the frequency 
domain (HF24, LFd, VLFd, ULF24) and fractal scaling like 
properties (ALPHA1_24, ALPHAld) show correlations. These 
correlations are weak (i.e., all correlation coefficients <0.3) and 
negative, i.e., the higher the domain 'autonomy' the lower the 
HRV parameters. E.g. the higher the domain 'autonomy' the 
lower the mean RR-interval of the entire recording (MRR24), i.e. 
the high the average heart rate. 

We also calculated the correlations for the age groups ^ 1 1 years 
(N = 82) and >11 years (N=72). Again, most correlations were 
found with respect to the PEDQpL domain 'autonomy' (see 
Table 5). In the age group ^ 1 1 years most correlations were found 
with respect to the standard HRV parameters (MRR24, MRRn, 
SDNN24, ULF24, VLF24, VLFn) and with respect to complex- 
ities (ApEn24). These correlations were also weak and negative. 



The PEDQpL domain 'physical function' did not correlate to any 
HRV parameter in this age group. Interestingly, in the age 
group > 1 1 years only HRV parameters representing fractal scaling 
like properties (Alpha 1 n. Alpha 1 d) showed negative correlations to 
the PEDQpL domain 'autonomy'. In this age group also a fractal 
scaling like property (Alpha Id) showed a negative correlation to 
the domain 'physical function'. Note that these correlations were 
also weak. 

Gender differences were also observed (see Table 6). The female 
group and the male group both showed correlations with the 
PEDQpL domain 'autonomy' in a variety of parameters (MRR24, 
MRRn, MRRd, ULF24, Alphald, Alpha2d). The female subjects 
also showed correlations with the PEDQpL domain 'autonomy' 
for the parameters SDNNd and ULF24 whereas the male subjects 
also showed correlations with the PEDQpL domain 'autonomy' 
for the parameters SDNN24, VLFn, VLFd, LFd, Alpha2_24 and 
Alpha2n. Again, all correlations were weak and negative. 

The PEDQpL domains "autonomy" and "physical function" 
both correlated negatively with the amount of computer use and 
playing computer games (see Table 7). The correlation between 
usage of computer and 'autonomy' was slightiy stronger than the 
other correlations (r=— 0,471). Hence, the more using the 
computer (and playing computer games) the less the autonomy. 
A similar (but weaker) relationship was found with respect to the 
amount of usage of cell phones. 

Discussion 

If our assumption that HRV parameters reflecting different 
aspects of the ANS can b(- used for objectively measuring QpL 
were correct, this could potentially provide an interesting method 
to supplement the existing psychometric test procedures. In 
particular the HRV parameters which are associated with tension, 
stress, relaxation and physical activity [14], could represent a 
functional physiological correlate for certain areas of Q()L. In 
chronically iU adult patients a connection between HRV 
parameters and the course of certain diseases has been shown 
[23,29,55-57]. With a view to examining whether this also applies 
to chronically iU children, we began by looking for correlations in 
healthy children. Standard parameters of HRV were calculated 
and correlated with QpL data. 

However, the data presented showed only a weak correlation 
between QpL and HRV which are not greater than 0.38 and thus 
not sufficiendy strong to suggest relevant connections. Interesting- 
ly, most correlations were found in the age group ^ 1 1 years 
whereas the age group> 1 1 years shows correlations in consider- 
ably fewer parameters. Hence, it s(;("ms that especially younger 
children contributed to the results of the entire group. Further- 
more, female subjects showed more correlations than male 
subjects. Hence, also male subjects may have contributed stronger 
to the results in the whole group than the female subjects. 

Looking at subjects with increased media consumption, 
however, we find an overall picture to some degree plausible 
which shows already known associations [53], namely that 
children and adolescents who consume media such as television, 
computers and computer games frequentiy and for long periods 
have considerably less exercise and are altogether more inactive 
[58]. This has a confirmed influence on body weight development 
[59]. A raised BMI in turn has a direct influence on the 
cardiovascular system and HRV [60] and is associated, among 
other things, with an increased heart rate and autonomic function 
[6 1] and cardiovascular risks. An increased heart rate results in a 
decrease in heart rate-dependent HRV parameters [16]. It is 
plausible and in agreement with the literature that children in this 
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group also have a lower-perceived quality of life [62] . Increased 
media consumption can compromise family interaction and 
probably results in more frequent negative perception of body 
image, motor development and autonomy. In reverse there is a 
negative/positive correlation between sport, autonomy and 
individual HRV parameters. Tli(;se findings show that our data 
can be meaningfully interpreted and correspond to already known 
associations. Overall, however, these areas only show a weak 
correlation. This means that small physiologically plausible 
relationships exist but that their influence on HRV is only minor. 
Gender and age have a considerably greater influence [17]. In this 
context the results are limited by the fact that we were not able to 
perform separate analyses for girls and boys as the sample size was 
too low. However, as we have shown gender undoubtedly 
influences HRV [17]. Hence, the main finding of the study is 
that in healthy children HRV essentially reflects functional 
physiological aspects which follow a set pattern of development 
rather than being influenced by individual domains of Q()L. HRV 
is thus a relatively independent marker of autonomic regulation in 
healthy children and adolescents with normal body weight and 
Utde influenced by social and emotional factors. However, this 
does not mean that in the case of chronic disease pathological 
associations cannot also occur in children. It should be noted that 
estabhshing a clear relationship between HRV and QpL is per se 
difficult because of large interindividual variation of HRV 
parameters [17]. Many factors present during measurement affect 
HRV, as well as factors in the past such as pre-natal development 
[63]. 

Pathological conditions could be associated with a measurable 
deterioration in autonomic regulation and at the same time also 
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cause reduced QpL, as is already known for adult patients [64— 
66]. In the case of sick adults the available data on the association 
between QpL, course of disease and HRV show a correlation. 
Here impairment of HRV correlates clearly with the course of 
disease in patients with heart disease as well as in patients with 
many other chronic diseases. It can be assumed that pathological 
processes can have a marked effect on the heart itself and on 
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humoral system, as a result of which their effects are reflected in 
changes in HRV [31,67-70]. For children comparable investiga- 
tions have yet to be conducted. 

Conclusion 

In healthy children and adolescents QpL displays low correla- 
tion with heart rate and parameters of HRV. Although this 
exploratory study showed moderate correlations we conclude that 
in healthy children and adolescents, HRV essentially reflects 
relatively independent functional markers of the autonomic 
regulation of the cardiovascular system. However, further studies 
are necessary to examine whether there is a correlation between 
QpL and HRV in chronically ill children. In healthy children, 
HRV essentially reflects the intact autonomic nervous system and 
the natural history of physiological development. 
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